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The tat trans-activators encoded by the known strains of primate immunodeficiency virus share a conserved,
highly basic protein domain. Mutagenesis of this sequence in the faf gene of human immunodeficiency virus
type 1 is shown here to reduce, but not eliminate, the trans-activation of human immunodeficiency virus type
1-specific gene expression. The degree of inhibition is shown to vary in a dose-dependent manner and is most
marked at low levels of tat expression. Multiple mutations of the basic domain of fat were found to impair both
the in vivo stability and the nuclear localization of the zaf protein. It is proposed that this protein domain serves
to efficiently target the zat gene product to its appropriate site or substrate within the nucleus of expressing cells.

The pathogenic human retrovirus human immunodefi-
ciency virus type 1 (HIV-1) encodes a nonstructural protein,
termed zat, which is able to activate viral gene expression
when present in trans (2, 5, 26, 34, 36). Functional expres-
sion of the tat gene is required for HIV-1 replication in vitro
(7, 9). The tar protein is localized within the nucleus of
expressing cells and acts, at least in part, by enhancing the
rate of HIV-1 long terminal repeat (LTR)-specific transcrip-
tion (17, 20). This transcriptional activation is in turn medi-
ated by a sequence, termed the trans-activation response
element, which has been mapped to the HIV-1 LTR (16, 29).

The tat gene of the HXB-3 strain of HIV-1 consists of two
coding exons which together define a small protein of 86
amino acids (2). The N-terminal 72 amino acids of the tar
protein, encoded by the first exon, appear sufficient for full
trans-activation of HIV-1 LTR-specific gene expression (5,
34). Sequence comparisons between isolates of HIV-1 and
the more distantly related primate immunodeficiency viruses
HIV-2 and simian immunodeficiency virus (11, 14, 18) reveal
two highly conserved protein sequence elements within the
first exon of tat. The first is a 15-amino-acid stretch, extend-
ing from amino acids 22 to 37 within HXB-3, which contains
several conserved cysteine residues. The second element,
extending from amino acids 49 to 57 in HXB-3, consists of a
highly charged, basic domain. Mutational analysis of the
cysteine-rich element has demonstrated that the targeted
replacement of the individual cysteines is, in all but one
case, sufficient to completely ablate tar-mediated trans-
activation (12, 30, 31). This result is consistent with data
suggesting an essential role for these cysteine moieties in the
binding of metal ions by the tat protein (10). In contrast, the
targeted replacement of several of the conserved basic
amino acids by uncharged or acidic amino acids has been
reported to have little or no effect on the biological activity
of tat in transfected cells (12, 31).

In this report, we present data demonstrating that muta-
tions of the basic domain can significantly impair both the
biological activity and the in vivo stability of the HIV-1 rat
protein. It is proposed that this inhibition is due, at least in
part, to interference with the targeting of the zat protein to its
appropriate subcellular location.
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MATERIALS AND METHODS

Construction of molecular clones. Oligonucleotide-directed
mutagenesis (35), using a bacteriophage M13 mutagenesis
system (Amersham Corp., Arlington Heights, Ill.), was used
to introduce targeted amino acid substitutions into the full-
length, wild-type zatr gene encoded by the expression vector
pgTAT (23) (Fig. 1). The mutations introduced into pAK and
pAR each modified four contiguous nucleotides. In the case
of pAK, the mutation generated a novel Asp718 restriction
enzyme site (agg - aag - aag — agg - TAC - Cag), while the
mutation introduced into pAR introduced a novel Pvull site
(cag - cga - cga — cag - ¢cTG - ACa). Mutant pAKR was ob-
tained by cleaving pAK with Asp718, blunt-ending the
resultant linear plasmid with Klenow DNA polymerase I,
and then cleaving the DNA at a 5’ Sall site. Ligation of the
resultant tat DNA fragment with a vector DNA fragment
obtained by Sall and Pvull cleavage of pAR resulted in the
construction of a rat gene lacking the sequences which
encode amino acids 51 to 54 (Fig. 1). The sequences of the
mutant zat gene expression vectors were confirmed by DNA
sequence analysis. The secreted alkaline phosphatase
(SEAP) indicator gene expression vector pPBC12/HIV/SEAP
contains a gene encoding a secreted form of human placental
alkaline phosphatase under the control of a fully tat-respon-
sive HIV-1 LTR, as previously described (3).

Cell culture and transfection. COS cells were maintained
as previously described and were transfected by using
DEAE-dextran and chloroquine (5, 6).

Assay of SEAP indicator gene expression levels. The SEAP
assays were performed as previously described (3) at 60 h
posttransfection. Briefly, 200-pl portions of -supernatant
medium were removed from the transfected cultures, heated
at 65°C for S min, and clarified by centrifugation in a
microfuge at 14,000 X g for 2 min. A 100-pl portion of the
sampled medium was then added to 100 nl of 2x SEAP
assay buffer (2 M diethanolamine [pH 9.8], 1 mM MgCl,, 20
mM L-homoarginine) in a 96-well flat-bottom culture plate
(Falcon) and preincubated at 37°C for 10 min. A 20-p.l sample
of prewarmed 120 mM p-nitrophenyl phosphate (Sigma
Chemical Co., St. Louis, Mo.) in 1X SEAP assay buffer was
then added, and the reaction was incubated with mixing at
37°C. The rate of increase in A,,s was measured witha V.,
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HIV-1 WT Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Arg-Pro
paK - - Tyr6lp - - - - - - -
pAR - - - = = = = leuThr - -
PAKR - - Tyr &4 & 4 4 leuThr - -

FIG. 1. Predicted amino acid sequence of rat mutants. The
wild-type (WT) tar protein sequence is derived from the replication-
competent HXB-3 strain of HIV-1 used in the parental vector
peTAT (23). The mutations were introduced by oligonucleotide-
directed mutagenesis, as described in the text, and were confirmed
by sequence analysis. Symbols: —, conserved amino acid; A,
deleted amino acid.

Kinetic Microplate reader (Molecular Devices Co., Palo
Alto, Calif.).

Immunoprecipitation analysis and subcellular fractionation.
At 60 h posttransfection, cultures were washed with cys-
teine-free Dulbecco modified Eagle medium and then incu-
bated in cysteine-free Dulbecco modified Eagle medium
containing 10% dialyzed fetal calf serum for 1 h. The cells
were then pulse-labeled with [>*S]cysteine (300 wCi/ml in
cysteine-free Dulbecco modified Eagle medium) for 2 h. In
some experiments, this [>*S]cysteine pulse was followed by
a chase with excess unlabeled cysteine. Labeled cultures
were harvested by using radioimmunoprecipitation assay
(RIPA) buffer (6) and were then subjected to immunoprecip-
itation analysis with a rabbit polyclonal antipeptide antise-
rum directed against the first 61 coding amino acids of tat, as
previously described (6, 23). Precipitated proteins were
resolved on a discontinuous 14% sodium dodecyl sulfate-
acrylamide gel and visualized by autoradiography.

Subcellular fractionation of transfected, [>*S]cysteine-la-
beled COS cells was performed essentially as described by
Slamon et al. (33). At 60 h posttransfection, 60-mm COS cell
culture dishes were washed three times with cold phosphate-
buffered saline, scraped into phosphate-buffered saline, and
pelleted by centrifugation at 500 X g for 10 min at 4°C. The
cell pellet was gently suspended in 1.3 ml of ice-cold lysis
buffer (5 mM sodium phosphate [pH 7.4], 50 mM NaCl, 150
mM sucrose, 5 mM KCl, 2 mm dithiothreitol, 1 mM MgCl,,
0.5 mM CaCl,, 0.1 mM phenylmethylsulfonyl fluoride, 0.1%
Tergitol 15-S-9 [Union Carbide Corp., New York, N.Y.]).
The resultant suspension was spun through a 300-pl cushion
(consisting of 30% sucrose, 2.5 mM Tris hydrochloride [pH
7.4], 10 mM NaCl) at 1,000 X g to pellet the nuclei. The
supernatant solution was removed and spun again in a
microfuge at 14,000 X g for 5 min. The supernatant cyto-
plasmic fraction was then removed and adjusted to a 1x
RIPA buffer concentration.

The nuclear pellet was washed three times (with cold
20 mM HEPES [N-2-hydroxyethylpiperazine-N’-2-ethane-
sulfonic acid; pH 7.5], 5 mM KCl, 0.5 mM dithiothreitol, 0.1
mM phenylmethylsulfonyl fluoride, 0.2 M sucrose) and was
then lysed by incubation in RIPA buffer at ambient temper-
ature for 15 min. The nuclear lysate was then cleared by
centrifugation at 14,000 X g for 15 min. Samples of the
cytoplasmic and nuclear lysate fractions were subjected to
trichloroacetic acid precipitation (6) to determine incorpo-
rated radioactivity, and equal amounts of labeled protein
were then used for immunoprecipitation with the anti-zar
antibody, as described above.

Indirect immunofluorescence. The indirect immunofluores-
cence analysis of the transfected COS cultures was per-
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formed as previously described (6, 17). The primary rabbit
anti-fat antibody was used at a 1:800 dilution, while the
second antibody (rhodamine-conjugated goat anti-rabbit im-
munoglobulin G; Boehringer-Mannheim Biochemicals, Indi-
anapolis, Ind.) was used at a 1:50 dilution.

RESULTS

The conserved basic domain of tat is required for full
biological activity. To address the role of the conserved basic
domain of the rat protein in the trans-activation of HIV-1
LTR-specific gene expression, we used oligonucleotide-
directed mutagenesis (35) to alter this region in a wild-type
tat expression vector, pgTAT (Fig. 1). In the pAK mutant,
lysine residues at amino acid positions 50 and 51 were
replaced by tyrosine and glutamine, respectively. In the pAR
mutant, arginine residues at positions 55 and 56 were simi-
larly replaced by leucine and threonine. Each of these
mutations therefore replaced two of the eight charged amino
acids in the basic region with uncharged amino acids. The
more extensive mutation present in pAKR included the
substitution mutations at positions 50, 55, and 56 described
for pAK and pAR and the deletion of amino acids present
between positions 51 and 54 of the tat protein. The pAKR
mutant therefore lacks six of the eight basic residues present
in the wild-type tat protein (Fig. 1).

The phenotypes of the rat mutants were examined by
using a transient expression assay based on the SEAP
indicator gene (3). A previously described (3) construction in
which the SEAP gene is linked in cis to the HIV-1 LTR
(pBC12/HIV/SEAP) was transfected into the HIV-1 replica-
tion-competent cell line COS (22) together with a range of
concentrations of the tat expression plasmids (Fig. 2). The
level of expression of the SEAP protein in the supernatant
media of the transfected cultures was determined at 60 h
posttransfection by using a simple, highly quantitative spec-
trophotometric assay for alkaline phosphatase (3). The ob-
served levels of rat-mediated trans-activation for each con-
centration of tat vector used, expressed as a multiple of the
basal level encoded by the HIV-1 LTR construction alone,
are shown in Fig. 2. An intermediate level of transfection of
the wild-type tat gene encoded by pgTAT was observed to
yield the maximal observed trans-activation of ~90 fold.
This is comparable to the maximal level of tar-mediated
trans-activation previously observed by us and others using
the COS cell line (6, 20). Introduction of higher or lower
levels of pgTAT yielded a slightly but consistently lower
level of indicator gene activity. The mutant tat vectors pAR
and pAK displayed comparable levels of HIV-1 LTR trans-
activation over the entire concentration range used; how-
ever, this activity increased dramatically with increasing
levels of the transfected rat vector (Fig. 2). The net effect of
the different dose responses observed with these mutant tat
constructions was that the pAK and pAR clones displayed
an essentially wild-type phenotype at the highest level of
tat vector used (31-fold trans-activation versus 57-fold for
pgTAT), and yet they showed a marked inhibition of trans-
activation when the pBC12/HIV/SEAP vector was present at
a 100-fold excess (2-fold versus 32-fold for pgTAT). The
double mutant pAKR displayed a similar dose dependence,
yielding no detectable trans-activation at low levels of tat
vector transfection but giving rise to a readily detectable
~five-fold trans-activation of the HIV-1 LTR at the highest
level of tat vector tested (Fig. 2).

One possible explanation for the mutant phenotypes
shown in Fig. 2 is that little or no rat mutant protein was
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FIG. 2. Relative trans-activation of HIV-1 LTR-specific gene
expression mediated by various levels of the mutant or wild-type tat
gene product. A constant level (1,250 ng) of the indicator construc-
tion pBC12/HIV/SEAP (LTR) was cotransfected with increasing
levels (0 to 1,250 ng) of the various rar gene expression plasmids
(TAT) as indicated. The total amount of DNA transfected per
culture was maintained at 2,500 ng by supplementation with a
negative control vector, pBC12/CMV/IL-2 (5). The levels of SEAP
expression in the supernatant media were determined at 60 h
posttransfection, as previously described (3), and are expressed as a
multiple of the basal level of HIV-1 LTR-specific SEAP gene
expression.

being synthesized in the transfected cells. To test this
hypothesis, we performed quantitative immunoprecipita-
tions of [>*S]cysteine-labeled transfected COS cultures with
a previously described rabbit polyclonal anti-zat antiserum
(17). As previously noted, the wild-type 86-amino-acid rat
protein migrates in sodium dodecyl sulfate-acrylamide gels
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at an unexpectedly high relative molecular weight (M,) of
~15,500 (Fig. 3A) (23, 25). Interestingly, both the pAK and
pAR mutants, which are of the same predicted size as the
wild-type tat protein, migrate at a somewhat lower M, of
~14,500. This suggests that the highly basic nature of the
HIV-1 tat protein is at least partially responsible for the
aberrant migration of the rat protein observed in sodium
dodecyl sulfate-acrylamide gels. This possibility is sup-
ported by the migration behavior of the rat protein encoded
by pAKR, which has suffered a more extensive mutation of
the conserved basic region. This protein is predicted to be
only 4 amino acids shorter than the pAK and pAR mutants,
and yet it migrates significantly more rapidly (M,s of ~13,000
versus ~14,500). In total, the rate of synthesis of each of the
tat mutants in the transfected cultures was comparable,
although the culture transfected with pAKR did appear to
yield a slightly reduced signal (Fig. 3A).

Mutations in the conserved basic domain affect the subcel-
lular localization of the fat protein. Because the basic region
of the rat protein possesses amino acid homology to nuclear
transport signals previously noted for other, predominantly
nuclear proteins (see below), we next examined the subcel-
lular localization of the mutant tat proteins. In this experi-
ment, transfected cells were labeled with [**S]cysteine as
described in the legend to Fig. 3A and were then subjected to
a 1-h chase with excess unlabeled cysteine to permit labeled
proteins to fully localize to the appropriate subcellular
compartment. Total cytoplasmic and nuclear proteins were
then separated by using the fractionation protocol developed
by Slamon et al. (33). The incorporated radioactivity in each
fraction was determined, and equal amounts were then used
for immunoprecipitation with anti-zar antiserum. The tat
protein encoded by the parental vector pgTAT, as well as the
mutant rat molecules encoded by the pAK and pAR vectors,
was localized to the nucleus within 1 h of being labeled with
[3*S]cysteine (Fig. 3B). In sharp contrast, the ~13-kilodalton
tat protein encoded by pAKR appeared to remain predomi-
nantly within the cytoplasm of expressing cells. This result
therefore indicates that the mutation present in pAKR must
perturb a protein sequence necessary for the nuclear local-
ization of the encoded zat protein.
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FIG. 3. Analysis of rat protein expression by immunoprecipitation analysis. COS cells were transfected (6) with equal levels of the various
tat expression vectors and were then metabolically labeled with [**S]cysteine for 2 h at 60 h posttransfection. Labeled tat proteins were
isolated by immunoprecipitation with a polyclonal rabbit anti-zar antiserum (6), resolved on a discontinuous 14% sodium dodecyl
sulfate-acrylamide gel, and visualized by autoradiography. The vector transfected into each culture is indicated over the appropriate gel lane.
The negative control (NEG) used was the vector pBC12/CMV/IL-2 (5). *C-labeled protein molecular size markers (M) were obtained from
Bethesda Research Laboratories, Inc., Gaithersburg, Md., and are indicated in kilodaltons. (A) Cultures were harvested directly after the
[33S]cysteine labeling pulse to determine the rate of tat protein synthesis. (B) Cultures were chased with media containing excess unlabeled
cysteine for 1 h after completion of the [>*S]cysteine pulse. Transfected cells were then separated (33) into nuclear (N) and cytoplasmic (C)
fractions before immunoprecipitation. (C) The stability of the mutant tar proteins was examined by exposing the transfected COS cultures to
excess unlabeled cysteine for 6 h after completion of the [>*S]cysteine pulse before harvest and immunoprecipitation. The experiment for
panel C was performed in parallel to that for panel A and was exposed to autoradiography for the same period of time.
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The immunoprecipitation analysis presented in Fig. 3B
examined the subcellular transport of newly synthesized tat
protein. To extend this analysis to an examination of the
subcellular localization of the various zat proteins at steady
state, we also performed an indirect immunofluorescence
analysis of transfected COS cell cultures using the rabbit
anti-fat antiserum (17). These results confirmed our previous
observation that the wild-type tat protein is concentrated
within the nucleus of expressing cells (Fig. 4A). The tat
protein encoded by pAK yielded the same subcellular distri-
bution pattern as the wild-type rat protein, including the
previously described nucleolar concentration (17) (Fig. 4B).
Neither the pgTAT- nor the pAK-transfected cells yielded
any detectable cytoplasmic fluorescence. Analysis of cells
transfected with pAR yielded a fluorescence signal which
was consistently fainter than the signal observed for the
wild-type pgTAT vector or the pAK vector (Fig. 4C versus A
and B). Compensation for this weaker signal by optimization
of the photographic exposure time demonstrated that the tat
protein encoded by pAR was concentrated within the nuclei
and nucleoli of expressing cells but also revealed the pres-
ence of a low level of cytoplasmic tat protein (Fig. 4D). In
contrast, the immunofluorescence analysis of COS cell cul-
tures transfected with the extensively mutated tat expres-
sion vector pAKR yielded no detectable fluorescence signal
above background level in either subcellular compartment
(Fig. 4E and F).

Mutagenesis of the conserved basic region affects the stabil-
ity of the tat protein. Our inability to detect the mutant tat
protein encoded by pAKR using an assay which measures
the steady-state level of protein expression (Fig. 4) sug-
gested the possibility that mutagenesis of the conserved
basic domain might affect tar protein stability in vivo. To test
this hypothesis, transfected COS cultures were labeled with
[>*S]cysteine as described for Fig. 3A and then exposed for
6 h to media containing large excesses of unlabeled cysteine.
This assay permitted the detection of significant differences
in the in vivo half-lives of the various zat proteins. Thus, the
wild-type tat protein encoded by pgTAT and the mutant tat
protein encoded by pAK showed little if any decline in signal
intensity during the chase period, suggesting that these
proteins are fairly stable in vivo (Fig. 3C). The pAR mutant
exhibited a slight, ~two- to three-fold drop in signal intensity
over the same period, suggesting a somewhat reduced half-
life. In contrast, the tat protein encoded by pAKR appeared
to be rapidly turned over during the 6-h chase period,
resulting in a very weak residual signal (Fig. 3A versus C).
These results therefore correlate closely with the data pre-
sented in Fig. 4 in that the culture transfected with pAR
presented a reduced rar-specific immunofluorescence signal
relative to the signals produced by pgTAT- and pAK-trans-
fected cultures, while the pAKR-transfected culture in that
case yielded no detectable tat-specific signal.

DISCUSSION

The tat trans-activators encoded by the known primate
immunodeficiency viruses display extensive amino acid se-
quence heterogeneity and yet demonstrate the ability to
cross-trans-activate virus-specific gene expression (1, 11,
14). This observed sequence heterogeneity may therefore be
viewed as an experiment by nature and focuses attention on
those sequence domains which have been conserved across
the known primate virus isolates. The first of these, a highly
conserved cysteine-rich domain, has been proposed to be
important in the binding of metal ions by tar and in a
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subsequent protein dimerization event (10). The targeted
mutagenesis of this domain was recently shown to result in
the loss of all trans-activation activity by tat (12, 30, 31). In
this study, we have examined the functional consequences
of mutations within the second conserved tat domain, a
highly basic region centered at approximately position 53 in
the rat amino acid protein sequence. We demonstrate that
these sequence changes result in an inhibition of raz-medi-
ated frans-activation which is partially alleviated by high
levels of rat expression. We also demonstrate that mutagen-
esis of this domain can result in two detectable biochemical
lesions, i.e., interference with the nuclear localization of zat
and the destabilization of the tat protein.

The rapid accumulation of the wild-type tat protein within
the nucleus of expressing cells (Fig. 3B) suggests the pres-
ence of a nuclear localization signal in the primary sequence
of this protein. Ruben et al. (30) have in fact recently
demonstrated that a 5-amino-acid sequence derived from the
basic domain of tat (i.e., amino acids 48 to 52) is sufficient to
induce the nuclear localization of the normally cytoplasmic
B-galactosidase gene product when introduced at the amino
terminus. A comparison of the conserved basic domain with
the sequences of known nuclear localization signals reveals
a high degree of homology in several instances (Fig. SA). Of
interest is the observation that this homology appears to
extend over only part of the basic domain in each case.
Thus, the well-defined nuclear localization signal of the
simian virus 40 large T antigen (19) displays a close homol-
ogy to amino acids 48 to 53 of rat, while the homology
between one of the polyomavirus large T antigen nuclear
localization signals (28) and rat is confined to amino acids 54
to 60. One interpretation of these sequence comparisons,
which would be fully consistent with the data presented in
this report, is that the basic region actually consists of two
adjacent or partially overlapping nuclear localization signals.
Mutagenesis of either part alone, i.e., pAK or pAR, would
therefore have little effect on the final nuclear localization of
tat, and only a double mutant, i.e., pAKR, would then yield
the predicted nonnuclear phenotype. Multiple nuclear local-
ization signals have been observed in several nuclear pro-
teins which have been examined in detail (13, 15, 27, 28) and
this redundancy has been proposed to enhance the rate of
nuclear protein transport (21).

An interesting alternative hypothesis, suggested by the
recent work of Siomi et al. (32), is that the tat basic region
might represent a subnuclear localization signal. We and
others have previously noted that the tat protein is prefer-
entially, and sometimes predominantly, localized to the
nucleolus of expressing cells (17, 30). Further, the basic
domain of zat displays remarkable sequence homology to the
proposed nucleolar localization signal of the human T-cell
leukemia virus type 1 rex gene product (Fig. SB), which has
also been proposed to consist of two adjacent nuclear
localization signals (32). However, the observation that both
the pAK and, to a lesser extent, the pAR rat proteins
continue to display preferential nucleolar localization (Fig.
4) may argue against this attractive hypothesis.

A second effect of mutations within the tar basic domain,
observed to a slight degree in pAR and to a marked degree in
pAKR, is a reduction in the in vivo stability of the encoded
protein. It is of interest that the stabilities of the various
encoded tat proteins in fact appear to correlate with their
subcellular localization as derived from data shown in Fig.
3B and 4. Thus, the predominantly nuclear pAK mutant
appears to share the long half-life of the parental tat protein,
while the predominantly cytoplasmic tat protein encoded by
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FIG. 4. Subcellular localization of wild-type and mutant tat proteins visualized by indirect immunofluorescence. Wild-type tat protein expression was detected in ~5% of the
transfected COS cells, as expected (16). The photographs shown were judged representative of transfected cultures as a whole. (A, B, C and E) Photographs taken with the same
exposure time (0.32 s). Longer exposures were used to more clearly reveal the subcellular distribution of pAR (D) (1.25 s) or to visualize cells present in a negative field (F) (3.46
s). (A) pgTAT (wild-type);(B) pAK; (C and D) pAR; (E and F) pAKR.
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FIG. 5. Homology of the conserved basic region of zat to known
nuclear (A) and nucleolar (B) localization signals. (A) Nuclear
localization signals in general contain a stretch of the basic amino
acids lysine and arginine (boxed) flanked by one or more helix-
breaking amino acids (proline or glycine) and may form a short,
highly basic a-helix structure in vivo (4). This is also the secondary
structure predicted for the conserved basic domain of the zat protein
(2). (The indicated nuclear localization signals were derived from
references 4, 19, 24, 27, and 28). SV40, Simian virus 40. (B) The
basic region of the HIV-1 rar protein displays extensive sequence
homology to the recently defined human T-cell leukemia virus type
1 (HTLV-1) rex protein nucleolar localization signal (32). Both
contain eight basic amino acids (boxed) and contain glutamine and
proline residues at equivalent positions.

the pAKR mutant appears to be significantly more labile in
vivo. The rat protein encoded by pAR, which is predomi-
nantly localized within the cell nucleus yet displays at least
some cytoplasmic expression (Fig. 4D), in turn demon-
strated a slightly but significantly reduced half-life relative to
that of the wild-type tat protein. These observations are
therefore consistent with the hypothesis that the tat protein
is stable when localized to the cell nucleus but significantly
more labile when inappropriately expressed in the cell
cytoplasm. Clearly, however, the correlation between these
two tat mutant phenotypes does not prove a cause-and-effect
relationship.

The mutations introduced into the zat protein in this work
were observed to result in a complex trans-activation phe-
notype. Thus, the activity of the mutated ratr proteins is
markedly reduced at low levels of expression but recovers,
in two cases to an almost wild-type level, at high levels of tat
protein expression. This suggests that the conserved basic
domain, unlike the cysteine domain, is not an intrinsic part
of the active site of the rar protein and may instead indicate
that this sequence functions to enhance the affinity of rat for
its appropriate site or substrate within the cell nucleus.
Thus, mutagenesis of this domain would result in a reduced
trans-activation activity which could be significantly re-
stored by increasing the concentration of zat. It has been
reported that only very low levels of rat are actually ex-
pressed within HIV-1-infected cells (8), so that the targeting
of tat to its appropriate cellular location may be essential for
optimum biological activity in vivo. In this context, the
hypothesis that the conserved basic domain of tat serves to
enhance the nuclear transport, and hence the in vivo stabil-
ity, of this protein appears only partly sufficient to explain
the trans-activation phenotypes displayed by the mutated tat
proteins. Thus, the pAK mutant, which is not distinguishable
from the wild type by these criteria (Fig. 3 and 4), neverthe-
less fails to demonstrate full zrans-activation (Fig. 2). We
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therefore favor the hypothesis that the basic domain serves
a second, as yet undefined, targeting function within the
nucleus of the expressing cell. Clearly, a resolution of this
question will require a fuller understanding of the mecha-
nism of action of tat and, in particular, the reconstitution of
tat-mediated trans-activation in a defined in vitro system.
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